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Abstract
The AMMA (African Monsoon Multidisciplinary Analysis) project set out to better
understand the geophysical processes which govern the evolution of the monsoon and provide
the science needed to improve prediction and decision-support systems. The control exerted
by weather and climate on agronomic production, water resources and public health was
studied to evaluate the potential for populations to adapt. AMMA made advances which
have the potential to improve forecasts from weather to climate scales. Translating them
into operational tools for decision making will require improvements to the observational
networks, and stronger support for the organizations which generate and disseminate
application forecasts. Copyright  2011 Royal Meteorological Society
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1. Introduction
West Africa’s climate is characterized by a monsoonal
system which brings precipitation to the region from
May to September. The brevity of the rainfall period
imposes strong constraints on rainfed agriculture,
which remains the dominant economic sector in the
region and the main component of food security for
local population.
Furthermore, the large intra-seasonal and inter-
annual variability of rainfall imposes the use of
resilient agronomic techniques. These limits on the
availability of water also impact on other aspects of the
socio-economic structures such as public health, water
resources for urban areas and energy production. This
region is a hot-spot for the interaction between climate
and the socio-economic systems, which is particularly
vulnerable to climate variability and climate change
(Pachauri and Reisinger, 2007).
The African Monsoon Multidisciplinary Analysis
(AMMA) set out to improve our understanding of
the processes governing the West African Monsoon
(WAM) and advance our knowledge of how its annual
evolution and inter-annual variability affect food secu-
rity, water resources and public health in the region
(Redelsperger et al., 2006). Because of the strong
links in this region between climate and the socio-
economic system, the research was multidisciplinary
and aimed at demonstrating possible improvements to
current prediction and early warning systems (EWS).
AMMA needed also to bring together the African
and International research communities in order to
ensure a long-term benefit of the new knowledge for
societies in the region. For these objectives AMMA
obtained the support of World Climate Research pro-
gram (WCRP) and International Geosphere-Biosphere
Programme (IGBP).
Since the droughts and famines of the 1970s
and 1980s, efforts were undertaken by national and
regional agencies to integrate meteorological infor-
mation in EWS, in order to provide appropriate and
timely information to support decision making for food
crisis prevention and management. Currently the early
warning process is based on an information network
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operating at national level and involving extension ser-
vices and international organizations. A key role in
the process is played by National Weather Services
(NWS) that coordinate and integrate multidisciplinary
information, providing early information on crop-risk
areas to decision makers, ensuring the monitoring of
the agricultural season and, in some countries, dissem-
inating information to farmers to orient agricultural
strategies.
At regional level, in order to provide pre-alerts for
regional scale food crises, the PRESAO forum (PRE-
vision Saisonnie`re en Afrique de l’Ouest), coordinated
by the African Centre of Meteorological Applications
for Development (ACMAD), elaborates each year
in May consensual probabilistic forecasts of rainfall
amounts from July to September based on forecasts
made by centres around the world. Also at regional
level the AGRHYMET Regional Centre provides bul-
letins on the monitoring of the agricultural campaign.
This paper will show how studies in AMMA helped
improve the meteorological and agronomic informa-
tion that support the early warning process. We also
show how crop yield forecasts and other informa-
tion provided to decision makers can be made more
pertinent. We describe some of the key successes of
AMMA and make recommendations for the future.
2. Improved environmental observations
and observing networks
A first step towards improving the information for
EWS is to have in place appropriate observing net-
works. These provide initial conditions for forecasts,
data for verification and, over the long term, a database
which can serve as a basis for hindcasts, trend anal-
ysis and statistical downscaling. With the objectives
of demonstrating the value of an improved observ-
ing network and to support the intensive geophysical
research, AMMA deployed an unprecedented network
of observing systems in the region, particularly during
the Extended Observing Period from 2005 to 2007
(Lebel et al., 2011).
A major achievement of the project was to upgrade
the upper-air radio sounding network (Parker et al.,
2008). For most of the francophone countries of
the region the network is operated by ASECNA,
while in Ghana and Nigeria the NWS have this
responsibility. All three institutions worked closely
together in order to increase the density of the network,
adapt the stations to the newest technology and ensure
a reliable transfer of observations on the Global
Telecommunication System. AMMA has demonstrated
that given the funding, agencies in the region can
operate the upper-air network to the same standards
as other parts of the world and that the extra data
positively impacts forecasts over the region as well
as outside of this domain and especially over Europe
(Agusti-Panareda et al., 2010a).
AMMA has used and expanded the environmen-
tal observatories in the region. Central were those
for hydrology and surface processes in the upper-
Oue´me´, Niamey region and the Gourma (Lebel et al.,
2009). Regional networks for aerosols and air pollu-
tion were reinforced (Marticorena et al., 2011). For
socio-economic studies, observatories for agricultural
practices and adaptation to climate vulnerabilities were
centrally established (Mertz et al., 2011; Traore´ et al.,
2011). These monitoring activities have contributed to
a better understanding of the processes and allowed
us to evaluate the models used for forecasting water
resources or crop yields, for instance. Nevertheless,
their true value will emerge over time when the records
will be sufficiently long to analyse trends and under-
stand their origins and consequences. The best exam-
ple here is the work over the Niamey basin which
was started in the early 1990s and now allows us
to understand the interplay between rainfall fluctua-
tions, land use and water resources (Cappelaere et al.,
2009). Very few of these observatories in the region
are supported at the national or regional level. This is
a major concern as they will be central to establish-
ing climate services and only a strong support from
national or regional agencies will ensure their long-
term continuation.
The exchange of observations remains a serious
challenge in the region. The real-time transmission
of data to international meteorological centres, for
instance, is hampered by the lack of robust and
resilient telecommunication networks. Often the net-
works dedicated to this type of exchange are outdated
and do not have back-up systems. The telecommuni-
cation tools for the general public (Internet or GSM)
are more reliable but only reluctantly used by interna-
tional operational services (Parker et al., 2008). The
exchange of observations between operational services
in the region and with the research community is very
difficult, in part due to restrictive national policies and
a lack of trust between the operational services and
the research community. This state of affairs limits
the exploitation of observations, the development of
knowledge and forecasting tools by the West African
research community, and the development of research
capacity. In an attempt to undo this deadlock, AMMA
established an open data policy for research activities
and entrusted AGRHYMET with the regional mirror
of the AMMA database (Fleury et al., 2011).
3. Improved knowledge and understanding
of processes
The AMMA observational programme, ranging from
the long-term observations to the intensive field cam-
paigns, has led to increased knowledge of geophysical
and environmental processes in the region. Process-
oriented models are key in building prediction and
decision-support systems because they allow us to put
observations into context and they can retain their pre-
dictive capabilities in an evolving environment. Our
understanding of the physical, chemical and aerosol
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processes in the atmosphere has greatly progressed
during the AMMA project (Lafore et al., 2011; Mari
et al., 2011; Marticorena et al., 2011) and important
deficiencies in models have been identified (Ruti et al.,
2011). The 3–4 years since the AMMA intensive field
campaign has been too short to translate the new
knowledge into new parametrizations and improved
operational models, but the long-term potential is very
strong.
For instance, one major achievement of the project
was to identify feedbacks between mesoscale soil
moisture structures left by the passage of a convective
systems and the development of subsequent storms
(Taylor et al., 2011). This surface/atmosphere inter-
action brings some potential predictability, but intro-
ducing observed mesoscale soil moisture structures
in the European Centre for Medium-Range Weather
Forecasts (ECMWF) model forecast system has not
yet produced the expected improvements (Agusti-
Panareda et al., 2010b). This is a clear indication that
model deficiencies in the tropics remain a challenge
and that AMMA observations will be used for years to
come for model development, as outlined in the Inter-
national Science Plan of the second AMMA phase.
A comparable situation prevails in land surface
modelling. The AMMA Land surface Model Inter-
comparison Project (ALMIP) allowed us to identify
large divergences of models in the infiltration and
runoff they simulate (Boone et al., 2009) and thereby
provided limits on the confidence we can place in
predictions of the impact of rainfall fluctuations and
land use on water resources. The new knowledge
gained on hydrological processes in the Guinean and
Sahelian zones has lead to improved process models
(Se´guis et al., 2011). This allowed us to reproduce
and understand the impact of past rainfall fluctuations
and land use evolution on aquifer levels (Boulain
et al., 2009). It will take a few more years until the
new knowledge gained in AMMA is translated into
advances for land surface models enabling them to
predict with sufficient confidence droughts and water
resources at the regional scale.
For the ocean, the error in reproducing the summer
cold/warm events in the eastern equatorial Atlantic
is another critical factor which limits the forecasting
skill over West Africa. The processes determining the
Atlantic cold tongue variability have been analysed
within the AMMA framework (Brandt et al., 2011),
and now a specific effort is needed to improve the
coupled models used for climate projections and
seasonal forecasts.
The on-farm observations and experimental trials
performed within the agronomic observatories have
allowed us to gather the data needed to validate
and improve the agronomic models (Traore´ et al.,
2011). Similar progress has been obtained for the rift
valley fever and malaria risk models (Caminade et al.,
2011). In a first attempt to apply these models at the
regional scale they have been driven by the output
of regional climate models for present and future
climates (Paeth et al., 2011). These prospective studies
have demonstrated the potential of these models but
more work is needed to establish their skill and
integrate them in seasonal EWS driven by ensembles
of seasonal deterministic forecasts (Hagedorn et al.,
2005).
4. A multidisciplinary approach
for advancing prediction and EWS
Research can demonstrate forecast potential but the
quality of actual forecasts and their acceptance by
users will depend on the technical effort of combining
the right observations and models, and deriving the
diagnostics which are useful to the decision maker.
The survey of farmers conducted by AMMA clearly
indicates that rainfall fluctuations (quantity and sea-
sonal distribution) are perceived as a threat by farmers.
On the other hand, long-term climate trends impose
weak constraints on livelihoods compared to other
socio-economic evolutions (Mertz et al., 2011). This
highlights the need to focus our attention on predic-
tion systems for timescales from synoptic to seasonal
in order to inform agricultural activities and to allow
farmers to plan ahead. Climate advice on longer time
scales will mostly be needed for the development and
adaptation of large-scale infrastructures.
Studies of the inter-annual and intra-seasonal fluc-
tuations of rainfall have highlighted a range of mecha-
nisms and related structures as well as teleconnection
patterns which suggest a potential for predictability
(Janicot et al., 2011; Rodriguez et al., 2011). The chal-
lenge today is to better realize this potential. Statistical
forecasts or the consensus process of the PRESAO
are not as skilful as needed and the predicted sea-
sonal mean rainfall is not the most pertinent infor-
mation for decision makers (Bouali, 2009). Although
dynamical models have large biases in their seasonal
forecasts, AMMA has demonstrated that appropriate
model output statistics could turn them into skilful
tools (Philippon et al., 2010). Despite this difficulty
and the time scales for improving coupled models,
ensembles of dynamical forecasts offer a number of
advantages. They allow more relevant diagnostics of
the predicted rainy season, such as for instance the
timing of the onset and end of the season, or the prob-
ability of long breaks. Furthermore, as the same model
can be used from the synoptic to the seasonal scale it
provides a seamless suite of forecasts which can be
updated throughout the season. This is an essential
element for the progress of EWS for food security
(Genesio et al., 2011).
AMMA generated in 2008 and 2009 risk maps
for cereal production based on seasonal dynamical
forecasts and assessed their relevance for decision
making. In the same way, seasonal hindcasts have
been used to simulate malaria probability risk maps.
These products still show strong deficiencies and
are far from ready for operational implementation.
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Nevertheless they demonstrate the potential of these
tools and allow us to discuss the steps needed to
produce valuable products for decision makers. It is
clear today that global dynamical forecasting systems
will not be implemented in Africa in the near future,
while organizations such as ECMWF, Me´te´o-France,
the Met Office and National Centers for Environmental
Prediction (NCEP) are making their ensemble seasonal
forecasts available to the African agencies. On the
other hand, it is essential that the crop yield, water
resource or public health models which produce the
diagnostics to be used in decision-making systems are
run by national and regional agencies. First, this local
control of application models ensures that a critical
regional analysis of the seasonal forecasts is performed
before their usage. Second, in the application models
climate/weather is only one of many drivers, and a
constant monitoring and validation, with data from
observatories, is needed, and a diversity of tools
advisable. Third, decision makers use information
from application models with an appreciation of their
origin and therefore, the credentials of the national or
regional agencies are essential.
It is our recommendation after 7 years of AMMA
that in order to build these chains of decision-support
systems, West African weather services need to be
strengthened. Today, they already play the role of con-
necting weather and climate forecasts with application
models for decision making, but they require the per-
sonnel which can transform research results such as
those presented above into operational tools. The agro-
nomic agencies in the region are more involved in the
research and are active developers of application mod-
els, but their connection to operational activities needs
to be developed. This situation is bound up with the
relatively weak university programmes in environmen-
tal sciences, and an under-critical research commu-
nity which cannot train sufficient students to the PhD
level (Danuor et al., 2011). Expanding the research
and technical communities in universities and envi-
ronmental agencies is certainly the best prospect for
building decision-support systems in the region, and
by the same token improving the ability of the West
African societies to cope with climate variability and
changes.
5. Conclusion
AMMA, as a research project, has brought new knowl-
edge regarding processes governing the monsoon and
its variability, and on the processes which link the
climate system and human activities.
The project has shown that prediction and decision-
support systems which provide better and more rel-
evant information to stakeholders are possible today.
This advancement of our knowledge has allowed the
community to identify new gaps in our understanding,
missing observations in the networks and components
of our models which need improving. Further research
on tropical climates and particularly Africa is needed:
the second phase of AMMA, as well as other funded
research projects, will contribute to this.
AMMA has also shown that environmental research,
observations and forecasting in West Africa do not get
the attention needed. In view of the large variability of
the African climate at all scales, and the high vulner-
ability of the populations, strong and effective envi-
ronmental decision-support systems are needed. To
produce these climate services, West Africa needs
denser observing networks and long-term monitoring
of the environment. The exchange of data and knowl-
edge between operational services and the African
research community needs to be intensified. A spe-
cific effort is required to strengthen the agencies in
the region, to ensure that new results from research are
quickly transferred into operations. This has to be done
with a close involvement of decision makers, so that
valuable products are provided to the users. In order
to have the human resources needed to enhance envi-
ronmental services, university programmes and the
research community have to be strengthened, and a
dedicated effort is required to widen the availability
of masters’ programmes and doctoral schools. Such
an investment in research and educational programmes
for environmental sciences and their application in
West Africa will greatly increase the adaptation poten-
tial of the socio-economic structures of the region.
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